Introduction
Toxocara canis is a remarkable nematode parasite, commonly found in dogs but able to invade a wide range of other hosts, including humans (Glickman and Schantz, 1981; Lewis and Maizels, 1993) . It displays an array of striking features that excite interest: a tissue-dwelling phase that can endure for many years; an ability to cross the placenta and infect unborn pups; a tropism for neurological tissue in paratenic hosts; survival in vitro for many months in serum-free medium; the secretion of a set of biologically active glycoproteins in vivo and in vitro; and the possession of a surface glycocalyx that is jettisoned under immune attack. For all these reasons, T. canis presents an important model system for parasitic nematodes (Maizels and Robertson, 1991; Maizels et al., 1993) . In addition, toxocariasis causes a significant pathology in humans (Gillespie, 1987 (Gillespie, , 1993 as well as in dogs (Lloyd, 1993) , and elimination of this infection would be a highly desirable goal.
This chapter summarizes the biological features of this parasite, and focuses on the molecular structure and biological function of the major glycoproteins found on the surface coat and secreted by larvae maintained in vitro. Since this subject was last reviewed , substantial progress has been made in defining the primary sequence, glycosylation and antigenicity of secreted proteins. In particular, sequence information has led to demonstration of functional properties that may explain how this extraordinary organism defuses host immunity at the molecular level. 
Developmental Biology of Toxocara
T. canis infection is initiated when embryonated eggs are ingested into the stomach. The resistant eggshell is broken down and infective larvae emerge, ready to penetrate the intesinal mucosa. Invasion occurs in all mammalian species, but only in canid hosts do larvae progress along a typical ascarid nematode developmental pathway by migrating through the lungs, trachea and oesophagus back to the gastrointestinal tract. In other species, the larvae remain in the tissue-migratory phase without ever developing (Sprent, 1952) ; they are locked in the larval stage from which they are only released if the paratenic host is carnivorously consumed by canid species (Warren, 1969) . In dogs, there is a further fascinating property: many invading larvae are restrained from development, arrested in the tissues until reactivated during the third trimester of pregnancy; then, transplacental invasion of the gestating pups can occur, and subsequently additional larvae pass into the colostrum to cause postnatal infection (Sprent, 1958; Griesemer et al., 1963; Scothorn et al., 1965; Burke and Roberson, 1985) . Thus female dogs contain a reservoir of infection, producing waves of larvae for each new litter of offspring, and the majority of pups are infected at birth with T. canis. Dormant tissue larvae have been recorded as long as 9 years after infection in a mammalian host (Beaver, 1962 (Beaver, , 1966 , while incubation in vitro permits larvae to survive for up to 18 months (de Savigny, 1975) . In neither context is any morphological development observed. However, the parasites maintain a high metabolic rate, being dependent (in vitro, at least) on a regular supply of glucose and amino acids. Cultured larvae secrete copious quantities of glycoprotein antigens, which are described more fully below as T. canis excreted/secreted (TES) products.
Immune Evasion
The ability of arrested-stage larval parasites to survive in the tissues for many years must depend on potent immune-evasive and anti-inflammatory mechanisms operated by the parasite (Ghafoor et al., 1984; Smith, 1991) . Secreted macromolecules are the primary candidates for immune evasion mediators, and indeed larvae are found to release large quantities of glycoproteins in vitro. Antibodies to secreted TES glycoproteins also detect antigens in vivo which appear to have been released from parasites. For this reason, we have analysed the secreted proteins in detail, as set out below. Several routes have been adopted: the direct, biochemical approach of protein analysis; an immunological path of identifying antigenic determinants; and most recently a molecular biological strategy. In the latter respect, we have undertaken a broader survey of the major products encoded by this parasite, expecting that it must devote a large part of its energy to evading the immune response . A range of interesting molecules has emerged, some of which can be predicted from their primary sequence structure to fulfil certain functions: mucins, proteases, enzyme inhibitors, etc. Another group of molecules is even more intriguing: these are unique to the parasite, with no similar proteins found amongst the free-living nematodes, and are produced in very large quantities by the invasive parasite. It is likely that these play a crucial, if untold, role in parasite success.
Excreted/Secreted Glycoproteins (TES)
It has long been considered that the products secreted by nematodes hold the key to their success as parasites (Schwartz, 1921; Stirewalt, 1963 ). De Savigny (1975 first demonstrated that T. canis larvae could be cultured for long periods of time, and that these culture supernatants contained antigens that were specific in diagnosing human toxocariasis. Since then, these products have been analysed with increasingly sophisticated techniques (Sugane and Oshima, 1983; Maizels et al., 1984 Maizels et al., , 1993 Badley et al., 1987) . Metabolic labelling with different precursor amino acids and pulse-chase studies have defined steps in protein synthesis , while the glycan moieties have been studied with lectins (Meghji and Maizels, 1986; Page et al., 1992c) , glycanases and mass spectrometry (Khoo et al., 1991 (Khoo et al., , 1993 . Most recently, proteomic tools have been applied to distinguish closely migrating mucin species and to correlate them to a sequence database for T. canis .
T. canis larvae secrete at least 50 distinct macromolecules, as enumerated by two-dimensional gel analysis (Page et al., , 1992a , although multiple components may be derived from individual gene products. The major TES proteins are designated TES-32, TES-55, TES-70, etc. according to their apparent molecular weights (in kilodaltons) on SDS-PAGE (Maizels et al., 1984; Meghji and Maizels, 1986; Maizels and Robertson, 1991) , and many now have individual gene names according to the function of the protein (Fig. 12.1 ). The major TES products are all glycosylated, some extensively, and the total secreted material contains 400 µg carbohydrate mg −1 protein (Meghji and Maizels, 1986) . As described below, the predominant mode of glycosylation is O-linked mainly with N-acetylgalactosamine and galactose.
Recombinant Excreted/Secreted Proteins
Over the past 5 years, the genes encoding the major surface and secreted antigens of T. canis have been cloned and expressed. These are summarized below, giving both the TES designation (indicating molecular weight of mature product) and the new gene name based on deduced or confirmed biological function. As a result of these investigations, T. canis stands as the best-characterized helminth parasite in terms of the panel of proteins that are secreted, and understanding of its surface is also relatively advanced (Page et al., 1992b) .
TES-26, Tc-PEB-1, phosphatidylethanolamine-binding protein
The gene for TES-26 is one of the most highly expressed in the infective larval stage, and it recently accounted for 1.9% of the clones randomly selected from a cDNA library . However, no mRNA for TES-26 could be detected in adult-stage parasites (Gems et al., 1995) . The sequence shows it to be a genetic fusion beween two modules of disparate ancestry, separated by a transmembrane segment. The C-terminal 138 amino acids show significant similarity (36% amino acid identity) to mammalian phosphatidylethanolamine (PE)-binding proteins, such as those highly expressed in sperm (Gems et al., 1995) . Binding studies with recombinant TES-26 showed it to be a functional PE-binding protein (Gems et al., 1995) . Homologues have also been identified in the filarial nematodes Onchocerca volvulus (Lobos et al., 1991) and Brugia malayi (Blaxter et al., 1996) . TES-26, or Tc-PEB-1 as it is now designated, is unique among this gene family, however, in containing a 72 amino acid (aa) N-terminal extension (aa 22-93) consisting of two 36-aa six-cysteine domains, termed NC6 or SXC motifs (discussed in more detail below). Despite the abundance of its mRNA, TES-26 is a relatively minor TES antigen, and is not readily apparent on the surface. It is not known whether the N-terminal SXC region is extracellular, but this seems likely because the activity of PE-binding proteins in mammalian cells is often on the cytoplasmic face of the plasma membrane.
TES-32, Tc-CTL-1, C-type lectin-1
TES-32 is the most abundant single protein product secreted by the parasite. It is also heavily labelled by surface iodination of live larvae (Maizels et al., 1984 , and is known by monoclonal antibody reactivity to be expressed in the cuticular matrix of the larval parasite (Page et al., 1992a) . TES-32 was cloned by matching peptide sequence derived from gel-purified protein to an expressed sequence tag (EST) dataset of randomly selected clones from a larval cDNA library ). Because of the high level of expression of TES-32 mRNA, clones encoding this protein were repeatedly sequenced and deposited in the dataset . Full sequence determination showed a major domain with similarity to mammalian C-type (calcium-dependent) lectins (C-TLs), together with shorter N-terminal tracts rich in cysteine and threonine residues. Native TES-32 was then shown to bind to immobilized monosaccharides in a calcium-dependent manner .
The identity of TES-32 and CTL-1 was confirmed by polyclonal antibodies to recombinant CTL-1, which bound to native TES-32, and by monoclonal antibody Tcn-3, raised to native TES-32 , which specifically recognized recombinant CTL-1. The CTL-1 sequence also contained three sites for N-glycosylation, which had previously been shown to be present on TES-32 . Both Tcn-3 and polyclonal antibody to the recombinant CTL-1 protein localize to the cuticle of the infective larvae by immunoelectron microscopy ( Fig. 12.2) .
Binding studies confirmed that TES-32/Tc-CTL-1 binds to carbohydrates, and moreover that it has an unusual specificity in adhering to both mannose and galactose-type sugars. Molecular modelling predicts a structure very similar to mammalian mannose-binding lectin, but with crucial differences around the binding site (Fig. 12.3) . Thus, while the mannose-specific lectin is impeded by a histidine packing residue from binding galactose, the Toxocara lectin has a cysteine loop resulting in a much more open binding site . Most members of the C-TL superfamily are mammalian immune system receptors such as selectin, CD23 and DEC-205. Other C-type lectins include mannosebinding protein-A (MBP-A), found in mammalian serum, and invertebrate innate defence molecules (Weis et al., 1998) . Thus, this was the first example of a protein related to host defence being used by a parasite, R.M. Maizels and A. Loukas   Fig. 12. 2. Immuno-electron microscopy of anti-CTL-1 antibodies on sections of infective larvae of Toxocara canis: (A) monoclonal antibody Tcn-3; (B) polyclonal antibody to recombinant CTL-1; (C) normal mouse serum. T. canis larvae were fixed in 2% glutaraldehyde/0.5% paraformaldehyde for 30 min. Fixed larvae were then incubated sequentially for 6 h in each of 0.6 M, 1.2 M, 1.8 M and 2.3 M sucrose in PBS at 4°C, sectioned at −100°C and trimmed at −80°C using an FCS cryo-attachment for an Ultracut UCT ultramicrotome (Leica). Sections were placed on grids and blocked with 10% BSA followed by incubation in primary antibody (mouse anti-rCTL-1, monoclonal antibody Tcn-3 or NMS) diluted 1 : 50 in PBS-T/1% BSA overnight at 4°C. Grids were then washed with PBS-T and incubated with gold (10 nm particle size) conjugated goat anti-mouse IgG (British BioCell) diluted 1 : 50 for 1 h at room temperature. Grids were washed with distilled water and stained with uranyl acetate for 5 min before viewing with a Philips CM120 Biotwin electron microscope.
presumably to subvert the immune system . TES-32 has close equivalents in a 33 kDa T. cati protein ) and a T. vitulorum product of 30 kDa , so the expression of such proteins may be a common feature of these organisms.
Several other C-type lectins have since been found in Toxocara (Fig. 12.4) . Two are simple variants of TES-32, differing by 13-17% in amino acid sequence but with identical ligand binding sites; these have been termed CTL-2 and CTL-3. It has yet to be determined whether these additional lectins are alleles or represent different coding loci, and it has not been established whether they are also secreted. A fourth lectin, CTL-4, corresponds to TES-70 , as described below. In addition, there is some evidence that TES-45 and TES-55 are lectins, as detailed below.
TES-45 and TES-55
TES-45 and TES-55 are two glycoproteins that have yet to be identified at a genetic level, but evidence has been obtained that they may also be lectins. Carbohydrate affinity chromatography with mannose-agarose shows that TES-32 selectively binds as expected, but that TES-45 is also present in small amounts ; unlike TES-32, TES-45 does not bind to N-acetylgalactosamine. No sequence information has yet been obtained on TES-45, but it is recognized by polyclonal antibodies generated to TES-32,
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indicating a close sequence similarity. TES-55 has been purified and tryptic peptides have been sequenced (M. Hintz, University of Giessen, Germany). These sequences are similar but not identical to TES-32, indicating that this is an as yet uncloned new lectin.
TES-70, Tc-CTL-4, C-type lectin-4
TES-70 is a relatively abundant secreted glycoprotein, recently found to be a new C-type lectin. This novel lectin gene was isolated by screening a larval cDNA expression library with antibodies to total parasite secretions (TES).
Parallel purification and peptide analysis identified a sequence corresponding to this new gene, which proved to encode the TES-70 product. Full sequence of this gene revealed that it is indeed a C-type lectin, now designated CTL-4, and antibodies to recombinant CTL-4 specifically react to TES-70. The predicted protein is longer than CTL-1/TES-32, containing a duplication of the N-terminal cysteine-and threonine-rich tracts ( Fig.  12.4 ), but the sequence is still substantially shorter than would be expected for a protein of 70 kDa. It seems likely that the threonine-rich segments are heavily O-glycosylated as well as N-glycosylated, as previously reported. Although native TES-70 does not bind to immobilized monosaccharide, it does exhibit a lectin-like activity in specifically binding to the surface of epithelial cells (MDCK, canine kidney) in a calcium-dependent manner . This is an important demonstration that the ligands for T. canis lectins include determinants on the host cell surface. Lectin-like activity of TES-70 may also explain why it selectively reacts with normal immunoglobulins in immunoprecipitation reactions . 
TES-120, Tc-MUC-1, MUC-2 and MUC-3 mucins
The major surface coat component of Toxocara larvae runs as a set of four closely migrating bands with apparent mobility of 120 kDa on SDS-PAGE. One of these was cloned and sequenced, identified as a serine-rich mucin and designated MUC-1 (Gems and Maizels, 1996) . We have now established that there are at least five distinct mucin genes in this parasite, which bear general similarity but important distinctions. Thus, MUC-2, MUC-3, MUC-4 and MUC-5 are all threonine-rich rather than serine-rich, and all five differ in the repeat motifs within the mucin domains. All have similar non-mucin, cysteine-rich domains originally termed NC6 (nematode six-cysteine) domains, and since renamed SXC (six-cysteine), as described below. All mucins have a pair of SXC domains at their C-terminus, while MUC-3 and MUC-5 also have paired N-terminal SXC domains. A combination of mass spectrometry on purified bands, with limited protein sequence, and generation of antibodies to mucin-specific sequences has established that MUC-1, MUC-2 and MUC-3 are all present in the complex of secreted TES-120 proteins . In addition, a further band migrating slightly more slowly than TES-120 represents an as yet unidentified threonine-rich mucin-like gene product. Two further mucins, MUC-4 and MUC-5, have also been cloned (A. Doedens et al., 2000, unpublished results; , but as yet there are no data to suggest that these are secreted by the larvae. In the case of MUC-5, release seems unlikely because it has a relatively high lysine content and it is known that TES-120 does not incorporate lysine (Gems and Maizels, 1996) .
TES-400
TES-400 is a high molecular weight, diffuse component which has so far eluded analysis, and is distinct in many respects from the other TES molecules. Unlike the smaller proteins, TES-400 is not detected on the larval surface by any labelling technique; it appears to be predominantly carbohydrate as judged by gel staining, lectin binding (Meghji and Maizels, 1986) and proteolytic sensitivity. It does not incorporate [ 35 S]-methionine (Meghji and Maizels, 1986; Badley et al., 1987) , and incorporates [ 14 C]-serine very poorly . TES-400 is resistant to most proteases, other than pronase, treatment with which increases its apparent molecular weight on SDS-PAGE gels, presumably by removing the SDS-binding peptide moiety . Interestingly, TES-400 reacts with polyclonal antibodies to Tc-CTL-1, but not with the CTL-1-specific monoclonal antibody Tcn-3 . This suggests that TES-400 may be analogous to mammalian proteoglycans such as aggrecan and brevican, which contain lectin domains within a highly glycosylated structure.
Novel ES proteins?
The TES proteins described above were initially defined in biochemical terms, and subsequently reconciled to molecular databases. The reverse route has also been pursued: we have characterized the most highly expressed mRNAs in the infective larva, and examined whether they encode secreted proteins. Of the eight most abundant transcripts, three are for known TES proteins (TES-32, TES-26 and TES-120/MUC-1) and one is for a mitochondrial protein. The remaining four highly expressed mRNAs are all large, novel sequences, which we have termed abundant novel transcript genes. Together these four transcripts account for 18% of the parasite mRNA represented in a cDNA library. Although these genes bear no coding sequence homology to each other or to any known sequence (including the C. elegans genome), they share 3′ untranslated region sequences, indicating that common control elements may underlie their very high rate of transcription. All ANT sequences bear potential N-glycosylation sites, and preliminary evidence points to one of them (ANT-005) encoding a protein of 40 kDa in TES (K. Tetteh, 1999, unpublished results) .
Secreted Enzymes Proteases
It is known that Toxocara larvae secrete a serine protease (Robertson et al., 1989) , which migrated around 120 kDa on substrate gels, but we have been unable to assign this activity to a particular molecule with any certainty. Other protease types have also been found. One, a cathepsin L, is interesting because it has a substrate specificity more reminiscent of a cathepsin B, but its sequence outside the active site is much more related to the cathepsin L subgroup (Loukas et al., 1998) . We have also characterized an asparaginyl endopeptidase (legumain), a member of a newly emerging family of cysteine proteases with no structural homology to the papain-like enzymes , and a cathepsin Z, a member of a recently defined subgroup with characteristic insertions close to the active site residues (Falcone et al., 2000) . So far, none of these cysteine proteases has been found to be secreted by larvae, and no serine protease gene has been isolated. It is likely that many more proteases from this parasite will yet be discovered to play important roles in larval biology.
Superoxide dismutases
The secretion of superoxide dismutase (SOD) by cultured larvae has been detected by conventional biochemical tests, and a recombinant protein (Tc-SOD-1) has been cloned and expressed (Matzilevich et al., 1999, unpublished results) . While antibodies to this protein recognize a dimer of 20/22 kDa in larval extracts, evidence has yet to be obtained that this gene product is represented in larval TES. In addition, several more SOD genes have been identified by an EST project from a cDNA library from this stage. It seems likely, but has yet to be demonstrated, that SODs represent an important part of the parasite's defence mechanism against immune attack, as has been shown for other nematodes (James, 1994; Ou et al., 1995) .
The Surface Coat
The external surface of the T. canis larva is covered by a carbohydrate-rich glycocalyx termed the surface coat (Maizels and Page, 1990; Page et al., 1992b) , a fuzzy envelope 10 nm thick and detached by a similar distance from the epicuticle. The surface coat appears to play a primary role in immune evasion, as it is shed when the parasite is bound by granulocytes (Fattah et al., 1986) or antibodies (Smith et al., 1981; Page et al., 1992b) . Surface coats are a common feature of nematode organisms, both parasitic and free-living (Blaxter et al., 1992) ; hence this very direct means of immune evasion may be a simple adaptation to parasitism.
Biochemical analysis of the surface coat, coupled with electron microscopy, showed that its principal constituent is TES-120, the set of secreted mucins. Other TES glycoproteins, such as TES-32 and TES-70, are not found in the surface coat, but remain associated with the nematode body cuticle. The surface coat carries a strong negative charge, binding to cationic stains such as ruthenium red and cationized ferritin (Page et al., 1992b) , but the identity of this charge group has yet to be determined.
The coat mucins are thought to be secreted from two major glands in the larval body: the oesophageal and secretory glands. The latter, previously termed the excretory cell, is directly connected to the cuticle by a duct opening at the secretory pore (Nichols, 1956) . It is not certain whether the panel of secreted mucins are all represented in the coat, or whether there are important differences between the two compartments.
The NC6/SXC Domain in T. canis
The nematode six-cysteine domain (NC6/SXC) was first recognized in PEB-1/TES-26 (Gems et al., 1995) , and then in Tc-MUC-1 (Gems and Maizels, 1996) . No fewer than eight different T. canis proteins are now known to include NC6/SXC motifs in their structure (Fig. 12.5 ), and at least five of these are associated with the parasite surface or its secretions.
These include TES-26/PEB-1, MUC-1, MUC-2 and MUC-3, and a relative of the Ancylostoma-secreted protein termed venom allergen homologue (VAH-1). It is quite possible that MUC-4 is also secreted, as may be a novel protein consisting solely of four SXC domains which we have named homologue of unknown function-001, or HUF-001 . More recently, the same domains have been found in C. elegans (Blaxter, 1998) , Necator americanus (Daub et al., 2000) and also in some cnidarian animals (the phylum that includes sea anemones). The motif has therefore been renamed SXC (six-cysteine) (Blaxter, 1998) . The structure of a single SXC domain from a potassium channel-blocking toxin BgK from the sea anemone Bunodosoma granulifera has been solved (Dauplais et al., 1997) and provides a framework for modelling T. canis SXC domains .
Venom Allergen Homologues: Tc-CRISP (Tc-VAH-1) and Tc-VAH-2
A prominently expressed gene family in many parasitic nematodes bears similarity to allergens present in vespid (e.g. wasp) venom. For example, the canine hookworm Ancylostoma caninum expresses high levels of this protein when larvae are activated to invade (Hawdon et al., 1996) . Similar genes are found in B. malayi (R.M. Maizels and J. Murray, 1999, 240 R.M. Maizels and A. Loukas unpublished results) and in T. canis. Remarkably, there are two forms in T. canis, one containing no fewer than four SXC domains (R.M. Maizels et al., 1999, unpublished results) , and the other being more similar to the structures in other nematodes. No function is yet ascribed to this product, but there is a distant similarity to cysteine-rich salivary protein (CRISP) from mammals (L.X. Liu and R.M. Maizels, 1999, unpublished results) .
Carbohydrate Moieties
Ascarid nematodes were shown more than 60 years ago to contain high levels of carbohydrate antigens (Campbell, 1936) . Analyses of whole TES products revealed a surprisingly high level of glycosylation, mostly accounted for by galactose and N-acetylgalactosamine (Meghji and Maizels, 1986) . As the core sugars for asparagine (N)-linked oligosaccharides are mannose and N-acetylglucosamine, this composition indicated a predominance of O-linked glycosylation. Analysis by mass spectrometry (Khoo et al., 1991 (Khoo et al., , 1993 defined two major O-linked glycans, both variants of a trisaccharide containing N-acetylgalactosamine, galactose and fucose. The fucose is invariably O-methylated, and the galactose is methylated in 50% of the molecules. In T. cati the galactose is fully methylated, so that the trisaccharide containing a single methylation site on fucose alone represents a T. canis-specific structure. The N-linked oligosaccharide structure which predominates has also been determined to be a biantennary trimannosylated structure linked to a chitobiose-asparagine core, resembling products found in insects (Khoo et al., 1993) . Carbohydrate specificities were also pre-eminent in a panel of monoclonal antibodies generated to TES . MAbs Tcn-2 and Tcn-8 recognize a spectrum of TES glycoproteins, including TES-400, TES-120, TES-70, TES-55 and TES-32, through a periodate-sensitive determinant presumed to be conjugated to various peptide backbones. There is a striking contrast between the two antibodies, however, in that Tcn-2 reacts only to T. canis glycoproteins, while Tcn-8 cross-reacts fully with products from T. cati. It remains to be determined whether Tcn-2 recognizes the species-specific carbohydrate structure described above, but this seems a likely explanation.
The T. canis trisaccharide can be considered to be a mammalian blood group antigen H (or type O) to which has been added additional methyl groups that represent a substantial modification. There is, however, some evidence for minor unmodified bloodgroup-like oligosaccharides (Khoo et al., 1993) . Moreover, the presence of tetrasaccharides containing N-acetylgalactosamine linked to the galactose is indicated by the blood group A-like reactivity of TES in antibody and lectin binding analyses (Smith et al., 1983; Meghji and Maizels, 1986 ).
Concluding Remarks
Toxocara has an exceptional ability to withstand attack by the immune system, most probably due to the specific glycoproteins that constitute the surface and secreted compartments of the parasite. Tissue-dwelling larvae appear to devote a large part of their metabolic energy into production of the TES proteins. We have discovered that one of the major products released by the infective larvae of the nematode T. canis is similar at both structural and functional levels to host C-type lectins, a family of proteins that are pivotal in the immune system. These sugar-binding proteins mediate key events in the immune response to infection, particularly in inflammation when cells and harmful molecules are focused on the site of invasion. Host lectins are required to bind to carbohydrate 'danger' signals in order to initiate inflammatory influx around the parasite, and the release of a parasite lectin may block this process.
The molecular characterization of the TES proteins now provides an opportunity for immunological investigations at a much finer level of definition. Significant contrasts have been observed between infected patients with different syndromes, with respect to surface binding, proportions of anti-peptide and anti-carbohydrate specificities, and isotype (Smith, 1993) , and it may now be possible to relate these patterns to recognition of individual antigens. The T cell response to TES is also known to be remarkably skewed towards the Th2 phenotype (Del Prete et al., 1991) and large quantities of TES given to mice induce eosinophilia (Sugane and Oshima, 1984) . These biological activities may soon be attributed to identified molecular products of the parasite.
There are practical potentials for much of this work. As the parasite is essentially a successful tissue transplant, residing in muscle or other soft tissue without rejection, we believe that parasite products could prove useful in enhancing tissue graft success in clinical medicine. On a more immediate basis, we have isolated a range of parasite proteins that can be synthesized in the laboratory, promising a much better diagnostic reagent for determining parasite infection whether in dogs, the natural host, or on the occasions when human infection occurs. Finally, and perhaps most importantly, the isolation of genes encoding the major larval antigens paves the way for development of a vaccine against canine toxocariasis, which may in future lead to the eradication of this threat to both human and veterinary health.
